Abstract
Introduction

37
In archaeology, magnetometry is the primary technique for the detection of low respectively, the sensitivity of the quadrature responses to the soil conductivity are also good.
135
But, as frequency, soil conductivity or coil separation increases the quadrature response does 136 not remain linear. For each transmitter-receiver separation, the conductivity limit above which 137 the discrepancy with a linear response surpasses a 10% threshold is illustrated in Table 1 for   138 both HCP and PERP geometries (for a 0.1 m height above a homogeneous ground). It must be 139 underlined that the HCP configuration is far more affected by this limit than the PERP one.
140
Consequently, it could be stated that, (except for 4m HCP pairs) in non-salted soils, the 141 dependences remain linear while this relationship is altered in saline environments (Beamish 142 2011). It must also be noted that for greater separations (4m), the amplitude of the responses 143 generated by the soil conductivity are significantly higher than those generated by the soil 144 susceptibility ( Fig. 3 A cart was designed, Figure 5 , to pull the DualEM-421S with a quad bike on the field 196 at two possible clearances, 0.10 and 0.27 m from the bottom of the tube to the ground surface.
197
The distance between the quad-bike and the cart was tested so that no disturbance was 198 measured due to the presence of the quad-bike with engine switched off.
In order to measure the potential noise due to the engine of the quad-bike, DualEM
200
measurements were recorded continuously (10 Hz) during a few minutes with and without 201 engine working (Table 3) . It can be observed that the engine has no effect and that the 
213
The roll is another important aspect when the instrument is pulled on uneven terrain (the pitch 214 angle also acquired with DualEM was not considered in this study). Figure 6 shows the 215 theoretical relative quadrature out of phase signal change versus roll (grey lines). The 216 maximum roll acceptable is 10 degrees (if we consider a maximum 2% deviation in the 217 quadrature out of phase signal) which defines the limit that must be respected in the field, but
218
PERP is more sensitive to the roll effect than HCP and there is a negative shift of the coil and to compare the displayed pseudo-conductivity values (transformed in ppt using the Table   243 1 coefficients) with the theoretical responses calculated from the VES interpreted parameters.
244
In The 1D inversion (program QwInv1D, UMR METIS, using an iterative least square et al. 1996) ) is here applied to the wide mesh (5m) EM data acquired in the To go further in the comparison, one can apply over a limited area, the two-step
354
1D/3D rapid inversion described in (Brinon et al. 2012 Ωm. The contrast ratio between the wall and the surrounding is thus 2.2.
367
Adopting these values, it is possible to calculate using the moment method the 
Conclusions
386
We presented here a test of a single frequency domain EMI instrument over an 387 archaeological site in order to better grasp the capabilities of this exploration technique. Even 388 though this technique has been used for fifty years in archaeological survey and is sensitive to 389 both magnetic susceptibility and electrical conductivity, it has been, and still is, less applied 390 than magnetic and earth-resistance prospection.
391
The Vieil-Evreux roman site remains (mainly walls) are situated in a sedimentary (clay) 392 geological context where the conductivity response is significantly high; consequently the two 393 major limitations of EMI cannot be considered in the present study but they merit to be 394 recalled in this conclusion because they, at least for a part, explain the restricted use of the 395 technique. They are: (1) metallic objects and features disturb measurements and practically 396 disqualify its application specially in urban contexts and (2) in highly resistive soil contexts the conductivity response is too small and difficult to separate from the quadrature magnetic 398 susceptibility in the quadrature response (Tabbagh 1986(c) ) in spite of recent research works 399 aiming to overcome this problem (Simon et al. 2015) .
400
The series of tests conducted with the DualEM in Vieil-Evreux have allowed verifying that 401 the electronic and external electromagnetic noises are fairly rejected, the phase of the received 402 signals are well defined, the absolute calibration is fine, the drifts limited and the roll effect 
407
The first point to be emphasized is that frequency domain multi-receiver EMI instruments,
408
lighter and easier to move than multi-pole DC, can be used to characterize the superficial 
